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INTRODUCTION 
In 1 939~ Wooster (1) patented the process of reducing 
aroma tic compoun.Cl.s using alkali or alkal j.ne earth metals , 
liqutd ammonia and a protic source. It remained for Birch 
and his school (2,3,4) to demonstrate the general utility of 
tho !'eduction, hence t he name Birch r educt ion. Sever·al re~ 
v iews of the Birch reduction and its appl i cation are a vail-
a b 1 e (L~, 5, 6 ) • 
Benzenoj.d compounds ar·e u s ually reduced to the corr·es-
ponding dihydro-<lcJ•i va ti ves v1hcn equivalent or moderatel y 
excessive amounts of the metal ar·e used , •rypica l Birch r e-
duct io.ns arc illustrated below for benzene a nd n aphtha lene , 
Figur·e 1 ~ 
0 + U1 +:1.1\0f/ LIR Ml-'-->, 0 
~ . ·o7·Xn lV--~ ·~:2/1-1-:2 RDfi-LJfi.".n{~· ~ ~~
/'-. 
F:i.gure 1 . B:i.rch r eduction of b enzene and naphthalene . 
Birch (2, 3) has shown t hat further treat men t of the di-
hydro-product with more metal and proton source c a n l ead to 
t he formation of the tetrahyd.ro-·dcr i va ti ve . 'l'he l as t doub le 
bond j_s u sually l eft since :i.t t akes more dr ast ic c onditions 
to r t;duce an j.sola t ed doubl e bond.o 
Btrch has 11r0}.1C.. S ed that the react ion cLechani sm may be 
e i t!wr stcpHise ac1c1i tion of one e l ec t ron .fol J.o·;;ed by a :proton 
2 
to give a r adica l-anion followed by stepwise a ddit ion of 
another electron and proton, or may b e the transfer of two 
el ectrons to form a dianion (4,7, 8) f ollowed by protonation. 
Either j_ntermedi a te would be a very s trong base and w.ould 
react promp tly with a proton source. These possible s t eps 
are given in Figure 2. 
Figure 2. Steps in the reduction of aromatic 
compounds wj_ th a lkalj. metals and a proton 
source in liquid ammonia as proposed by 
Bircb (4 , 7,8). 
Huckel (9) has proposed an alternate mechani sm , illus tr-
ated in Figure 3, in which it i s suggested t hat t he initial 
st ep is the addition of a hydrogen atom . This would b e 
followed by the addition of an electron to give an anion 
/let· . I~+ e-
Figure 3~ Huckel ' s (9) mechanism for Birch r educ-
t:i.on. 
Vlhich would t hen accept a proton to g ive dihydrobenzene . 
A k inetic study (10) of the Birch re duction of benzene 
3 
indicates that the r eduction is third order , first order with 
respect to each component ( metal, alcoho l, benzene ). The r a te 
l aw may b e expr essed as 
-d(Ar )/dt = k(Ar )( M)(ROH) 
Equation 1. 
where (Ar) i s the concentration of t he aromatic compound , 
( M) the concentra tion of metal, a nd ( ROH ) t he concentrat ion 
of t he a lcohol. Both t he mechanism (Pa th A) proposed by 
Birch and the one by Huckel are in agreement with t his kine-
tic r e l a tionship . Polycyclic compounds probabl y go via a 
dianion path (Path B) as i s evi denced by the i solation of 
the disodiwn salts of naphthalene , anthracene , and phenan-
threne (11), and woul d be e xpect ed to follo w a different 
kinetj.c patterno 
To support hi s r adti.cal -·anion mechanism as opposed to thP. 
mechan i sm proposed by Huckel, Birch (12) pointed out tha t in 
following equilibria and r eactions , Figure 4, that equili-
brium A is expected to b e far to t he l eft in monobenzenoid 
compounds b ecause of the unfavorable r esonance energy change 
A_,.+ t~ L~ ,11; t _fl.Q!1 7 /)/1.!1~ -1-e ---74/l"N=.31'16A;rJ( 
Bj I 
AJ -~B..Qll~ /1/r' H~ 
Figure 4 o Equilibria and r eactions in the Birch 
r eduction of monocyclic a nd polycycl ic com-
pounds . ( 12) 
invol vecJ. in the forma tion of Ar- •. The d.ianion from equj. li··· 
brium B probably predominates for polycyclic compounds. Re-
duction occurs only in t he presence of a suitable proton 
source such a s an a lcohol ( 12, 13). .Ammonia is appal~ ently not 
sufficiently acidic, pKa ( NH
3
)34, to protona te the radical-
anion Ar- ·. 
According to Bi.rcl1 ( 12, 13 ) , the radica l-anion mechanism 
l eads one to expec t. that the first proton would add to th e 
point of the greatest fre e cha r ge density, tha t is meta to 
an el ectron·-donating substituent since the accumulation of 
charge in the orth<2 and I2_~ra po s itions Vlill be opposed by 
t he sub s tituent . However, Zimmer man ' s (1 Lj.) caleualtions 
show tha t in t he r adical-anion f or ani sole , Figure 5, the 
grea tes t free charge densi ty is ortllo rather· t han ~~~-?.: to the 
rne'thoxy group , in contr adic tion to Birch ' s proposal. 
Neutral Snccj_es 
---- --------
~ t' ('tl 0__...-- . 1 
/ og{J,'j./).1_ "(_, 
/~17;!."1-) r ";-,(i . l.'l ~/.f) ~t.G191) 
(I.e .LI"'f ) 
Radical-·Anion 
- -r---- •-•-• 
D_.-C /~J 
f D (f,o/.'Y J.t) 
,.-_((), 97 .22) . 
~ ' \ (i. ).__ 7 J-'4) 
(7/ : 
I I) I 
._ -' -_ y--' ' (J,J/11' ?.) 
Figure 5o LCAO- MO Pi elec tron 
methoxybenzene ( 14). 
(l. rXl l ~f) 
cHs t ribution of 
If t h.e init ial pr·oton addi tion i.s .!_n_eta, t hen th e addi-· 
tion of the seco11d electron t o t he radica J. ArH • should give 
t he rne sotneric ani on, Fi,gurc 6, page 5, v:here R r epresents 
mo s t substi tuents. If i rrcvers i.hle addition of t he second 
proton occurs , then the products will be det er mined by t he 
e 
--7 
F1gure 6. Mesomeri c anion from the addition of 
a second electron to the r adica l Ar •. 
5 
r elativ e r a t es. of comb ina tion of t he proton with t he differ-
ent positions in the anion . The predominant product vtil l b e 
tha t form e d by addi tion a t t he po s ition of greatest fr ee 
charge densj_ty whi ch i s in the middl e of the mesomeric anion 
(4) at t he 2-position of Fi gure 6. Ther efore: one obta ins 
the kinetically c ontrolled p roduct , the 2 , 5-dihydrodcrivative , 
rather than a t hermodynamically more stabl e conjugated diene . 
With d i substi tuted benzene , hydrogen addition V!Oulcl b e 
expected to be orth.Q. and meta t o t he more s t r·ong l y Qrtf\<?.t 
para~-clir ecting group, preferable i n unsubstituted.. posi ti ons . 
With meta or par~ d:i.all~;yl-·, dime t hoxy- , a l kyl methoxy- benzene 
t he r esnl ts agree ni th the predictions . F.ed:uction of co::tp OI.'Lt.1s 
a mixture of the tvto possible j_ somer . 'l'he predominant i somer· 
i s thB.t formed by hydro gen addition to the -..:.nsub3tituted 
po t>i t..ion (15). 
El ect ron-releasing group s i n general decrease t he ease 
of Birch r eduction but also give 2 , 5--dj_ilydro derivative:3 (11,1 j). 
But· _with cnrboxylj_c, amid.ine, and carb o.xs ::1j.de group s the nc@-' 
t ive ct.~u·Gc s c>..r c stal1ili:.:-.c cl through r eso na nce structure3 , as 
6 
i l l us t rated in Figure 71 J.eadi ng t o 1, 4-additions , and , at 
l east fo r the carboxyl ic acid increase rate of re-
iY @ cJ ( ~) 
G> 6/t ~k1 
<:;) 
Flgure 7 . Stabilization of negat i ve c!Ja rges t hrough 
r esonance by t he carboxyli c acid and amide 
group . 
duct ion ( 4 , 14 ). 
I n the reduction of benzoic acid , Figure 7a.1 the dianion 
i s believed (1 6) to be formed before protonntion , since 1 , 4-
dihydr·obenzoic acid i s formed even in t he absence of an aJ.-
cohol (1 6) o In the dianion , t he anion cha rges are located 
:Q_ara t o one another b y their mutual r epul sion and in t he 
1,4-pos1tions due to the stabi l ization of one of t he charges 
by t he resonance delocal i7.a t i on over the carboxyl ate grou1..,. 
Protona tion of the diani on in Figure 7a would give 1, 4-di-
hydr obcnzoic acid ( 11 , 16) o 
Carboxamides are weak acid& and in liquid ammonia their 
acidic character is evidenced by their electrical cnnducti-
vj_ ty anu ab ility to reac t v1i th the more electropositive 
metals ( 17, 18 ) . Subs t :Lt uents tha t would help to stabil ize 
the amide anion woul d make the amide sufficiently acidic to 
fo rm the anion and therefore make t he amide im~~=~to reduc-
7 
tion ( 19). Thus g-methoxybenzamide i s reported by Kuehne and 
Lambert ( 1.9) to be reduced to 1 , 4-dihydro- 3- methoxybenzam i de 
when s ubj ect ed to reduction with a l arge excess of sodium 
and e thano l in ammonia. Benzami de is reported not t o be r e-
duced with 3. 3 eq_uivalents of sodium a nd ethano l i n ammonia , 
Figure 8, but is r e duced t o 1,4-dihyclrobenzami de with 3 . 3 
l''i gure 8 . Reduc ti on of rg·~methoxybenzam i de and benz--
amide wi t h sodium and ethanol, a nd reduction 
benzarn ide with sodium and !-butyl alcoho l (19) . 
eq_uiva l Emts of sodium and ! -but y l alcohol aB a p roton source 
( 19). Exces3 of' sodi urn was r ec1uired to satisfy t he side r e·-
action of sodi.um and e t hano l f orming hydx·ogen , which ·was r e-
p OJ'tcd to be extensive . Since Ku ehne and Lambert ( 19 ) did 
not specify the t e~perature used in thej.r reduc tions, Qazi 
( 20) investi getted the effect of r unning the reactions a t 
dry ice-acetone t empera t.ure , approxima.tcly -75°, a nd at 
the boi li~1g point of liq_ui d. ammonia , -33°, and r einvest. i-
gated th e recluction o:f bcnza mj.de with socHum an ethanol. 
8 
Qazi ( 20) report ed tha t different r esults a re obtained at the 
two di f fer ent tempera tures. At -15° , using 3.3 t o 3 .5 equi-
valents. of sodium a nd ethanol in liq_uld ammonia , Qa zi ( 20) 
report ed tha t 1, L~-dihydro·-3-me thoxyb en zami de a nd 1, Ll-dihydro-
benza mide a re ob t a ine d in contras t to the r eport of Kuehne 
and IJambert ( 19) • . Also, at -75°, Qazi faiJ,ecl. to obta in 
1 ,4-dihydro-3-rne thoxybenzam i de wh en 8 equivalents of sodium 
was use d but inst ead obta ined a br·ovm uncha r a cterized liquid, 
again in contra st to · the worlc o f Kuehne and Lambert ( 19) . 
0 Howev e r , Qaz i r eport ed t ha t at -33 , using 3.3 equiva l ents 
of so dium a nd e thanol , b en zand d.e was reduced t o an unchar-
acteri~ed s oli d , which was sub sequently shovm to be 1 , 4-dl ·-
hydro1Jenzs.wid.e in thi s investigation. ( S.e e p age 1 0) . For a 
summary of Kuehne an d Lamb ert 1 s a nd Qaz i 1 s r es.ul ts , see TABJ.JE 
I, p age 9, 
Thj.s thesJ s i s (1) an inv esti gat i on in t h e ident i ty of 
the unknown rna t er).nJ. Qa z i ( 20) obtain eel when b enzam ide wa.R 
reduc e d a t t he b o j ling point of ammo nia v1i th 3 . 3 equiva l ent s 
of so c1 :i um ancl e th8.nol, ( 2) cha r acteriza tion of the components 
o f the 1H'C\7n l:i qu i d obta ined v1h en _!!!-rr.e thox ybenzam :i. de v:as r e-
duc cd with a l a r ge exc ess of so c1i ~~ (8 e~1iva l ent s of more ), 
and ( 3) c ho. r a c ter :i zation of t he c · .:)otmd fo rmed when t he l a t-· 
t er j _s sull j ec t cu. to sud,~.c·tJ. he~1. t. 
TABLZ I 
SUli/JvL~Y OF THE RESULTS OF KUZHNE .AN D L.uJ,1BERT A~D Q.L\.ZI 
lnvestigat i on 
[Kuehne ana. 
P:,amb ert ( 19) 
R.az.:ll ( 20) 
I This thesi s 
I 
I 
l 
I 
L 
!Substrate 1 Temperature, °C E~uiva- !'Proton 
le~ts or Na. source 
1 Pro duet report ed-~ 
jBenzamide 1 No~ ~~po~~:~ __ _l ___ - ~~3 ___ j ~~ruta- 11~t~~ihydrocer.z- i 
l m-1:1~thoxybenz.- l -75 j 8.-o- 1 Elhanol ·r Brown liqui d 1 arr.l o.e , I ! 
il}- it.etho.xybenz.- j' - 75 3. 3 jEthanol •
1
: 1, 4- DihyC.ro-- 3~-, ! 
I a mide , methox:ybenzarn ae : m- f./i ethoxybenz.- j - 33 3. 3 li Ethanol 1 Uncharacterized ,. 
!amide 1 I solid, m. p . 135-
! . 143° . 
!Benzami.de - 75 j' 3.3 I Ethanol 11 ,~-::Dihydro~enz~ l 
I am1ae 1 Benzamide - 33 3. 3 ! Ethanol I " U::-1l<:ncvm~·~~:. ci_] 
m- 1-1ethoxybenz- - 33 I 3 . 3 Ethanol UEcharac terized. i 
amide !' solid, m.:p. 10 5- i 
129° i 
m- Methoxybenz- ,1 - 33 Mol"e than i Ethanol 1,4, 5, b- Tetrahyc-i 
!amide 8 . 0 (~6 . C)! I ro- 3-methoxyber.z--4 I 1 vl 2-~cohol (II) l 
j_!!!- Methoxybenz- - 53 1 8 . 0 ! EthanoiT't II) and not com.J!. 
!amide t I . I ~letely c haract-
! I I erized cqrnpone~1t i 
\.0 
10 
CHAPTER II 
RESUL'l'S AND DISCUSS I ON 
The product of the reduction of benzarni de by sodium and 
ethanol in liq_uid ammonia was reported. oy Qazi ( 20) t o b e 
dcpendeDt on the t emperature. Using Kuehne and Lambert ' s 
procedure (19) of adding the a l kalj metal l ast to a mixture 
of the alcohol, substrate, and liq_uid ammor.:i.R, Qaz l reported 
that 1, L+·~dihydrobenzamide was obtained R t - 75° , and that an 
uncharacterized material was obta ined when the reac tion was 
carJ'icd out at -33° , the boiling point of a mmonia . On the 
basi~ of the observed melting point (149-52°) and t he obser-
va tion tha t the compound shoviEld only end ab sorpt ion in the 
ultraviolet, Qazi assumed th a t the l atter compound might be 
3-cyclohexene-t-carboxarnide ( rn.p. reported to be 155·· 57° ( 21, 
22, 23 )) e However , the infr·ared spectrum t alc en in the pre-
sent study of the unlcnovm compound did. not ma tch the infra --
r ed spectrum taken by Qazi of the s&me material but was iclenti-· 
cal with the infrared sp ectrum taken by Qazi of 1, 4-dihydro-
b enzamide . In addition, t :he unknown sample (m . p . 141+·-LI-7°) 
gave little or no depression of the mixed melting point 
(1 43-147°) with a s ampl e of 1,4-dihydr obcnzamide ( m.p . 148-9°), 
also prepared by Qaz i. It i s t herefore concluded t ha t th e un-
1 1 
known compound r eported. by Qaz i is actually 1, 4-dihydrobenz-
ami de. No expl anation i s proposed for Qaz i believing t ha t 
the unknown compound was not 1 , L~-dihydrobenzamicle . HoV!ever , 
there is the possi.bili ty that the infrared spectrophotoJne t e r· 
u sed could have been out of order at t he time that the spe c-
t rwn was taken by Qazi . 
PREPARA'CI ON OF m-METEOXYBEN~~~\IDE 
In order to prepare some !!!_-methoxyb enzamide from m-meth-
oxybenzoic acid some exploratory experiments were p e rformed 
in t he use of fuse d organic melts for synthesls. Some m-·meth-
oxybenzan~ide was pi'epared by modifying the method of Guthrie 
and Rab j o l'm ( 21~. ) j_n the preparation of heptamide . In this 
synthesis, urea and ~-metho;~ybenzo).c acid v1er8 fused, yield·-
ing !!!-Inethoxyben~am:Lde in 15% yield, J.i':l.gure 9 . The r eaction 
was no t investigated thoroughly to find more optimum. condi-
\ 
~ 'OCH 
...3 
F'igure 9 o Prepa r a t :\on of _!!!-·methoxybenzarni de fr9 m 
!!!_-rnethoxyoen?.oj_c a nd urea. 
tions. Mor e conventiona l synthesis s uch as via the ac id 
chloride plus anunoni a would be exp cc tecl to yield the clcsi red 
12 
a~ide in much higher yi eld. The m-m e thoxybenzamide used in 
the Birch reduction in t his investigation was obta ined from 
K and K Lab s and. Aldrich Chem. Co . 
Kuehne and Lambert (19) r epor t ed little or no reduction 
when .!!!-·methoxybenzamide was treated wi t h 3 . 3 equiva l ents of 
so dium and ethanol in liqui d but they unfortuna t ely did not 
specify t he t emperature used. Qazi (20) reported that under 
t hese condj_tions s at -33°, an unidentified yel lowish white 
solid., melt:i.ng point 1 38-- l.~3°, was obtained , and,. a t dry ice 
t emperature , -75°, 1., 4··dihydro-· 3-methoxybenzami de r esulted. 
In t h i s present i nvestiga tion, the reduction of ~-methoxy-
b enzamide with 3.3 equiva l ents. of sodium and ethanol at -33° 
yi elded a yellowish solj_d which even after thr ee r ecr·ystalli-
zations was a mixture as j_ndicated by the NMR spectrwn, 
Figure 1 0 , page 1 3s and mel ting point (1 05-129°) . These re-
sults appear to b e a t var i ance wi th those of Qazi (20) on 
t he b asis of the mel t:i.ng point . In the NMR spectr·um, Figure 
1 0 , in the region vrhere the methoxy group protons absorb , 
( [ 3. 22-3 . 7Li. ppm) there are several p eaks vrhj_ch. are probably 
due to d i fferent m.e thoxy groupso Init ial attempt s at u s ing 
thin l aye:P chromatogr aphy for the separation of thts mixture 
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were no.t encoura&i::,1ig._ and were dtscontinued in order to con-
centrate efforts on the more p romising investigat ion of the 
product ( s ) of the Bi l'ch reduction of .!!!-methoxybenzo.mide with 
8 or mor e eg_uivalents of sodlum. 
Kuehne and Lambert (19) did not specify the temperatur e 
at which any of their reductions vrere carried out but claim-
ed that 1 , 4-dihydro·- 3-methoxybenzamide was obtained. when 8 
equivalents of sodium were used. Qaqi (20) performecl hj_s 
r educ tion using 8 cqui valents. of sodi wn at dry ice t empera-
ture s -· 75° and obta ined an uncharacterized. brown liquid with 
a little solid suspended. in it. In this inves tigation, all 
the reductions of .!!!-mcthoxybenzami de with sodium a n d ethanol 
were carried out at the boiling point of liquid ammoni a , -33° . 
'fhe SECOND through FOURTH reductions 1 (See TABI,E II, :page 53), 
yi el ded 1 ,L~- dihydro-3-methoxybenzyl alcohol 9 II , an unidenti-
fied compo11ent, and polymer. The FIF'fH and SIX'l'H r e ductions 
gave only II and polymer . ( See T/IBLE II arid CHA ... li.'f I , page 
1 5). 
The mixtures from thes e r eductions vrere not separable 
by thin l ayer chr·omatography with any of the several solvent 
systems t hat Y!ere tried. Simple va cuum dj_st j_llat j_on afforded 
o-nly a pa rtia l separat ion . The non~·separat ion of the rnix-
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t ures was evi denced b y t he presence of several peaks in t he 
r egi on of t he methoxy protons absorption in the NMR spectra 
of the r esp ective frac t ions . 
The produc t s fro m the S~COND through FOURTH reductions , 
i nc l uding t he mat er i al front the sj,,nple vacuum. distillation, 
wer.e combined and an attempt wa s made to sepa rate the com-
ponents of the mixture employing a Nest er/Faust 36" Lah-·size 
Model NF- 135 spinni ng band column. The sp i nni ng band sepa-
r a t ed t he components into t vto major portions , a low- boi l ing 
(40° , 0 . 3 nun) and a high-boiling ( 78-86° , 0.3 rnm) . The i n-
f rared spcc t l'a of the t wo fract i ons of t he l ow-boiling por-
t ion appear to be es s ential ly the same . The NMR spectrum 
of t he first of the two lo~-bo i ling fractions conta ins only 
one prominent pea k in the methoxy proton, region, Fi guYb 11, 
page 17 , indi cating a singl e component , which 'Na s identified 
as the he l'etofore unr·eported 1-methoxy-7-oxabicyclo- ( 3 . 2 .1. )-
octane , I ~ ( See di scuss:Lon pa ge 36·-8) 
//--t !i~ U:~ 
I 
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gave the same infrared spectra, Figure 12 , page 19, However , 
their NMR spectra, Figures 13, 1L~s 15, and. 16, p:Rges 20, 21, 
22, 23, respective l y , show decreasing amounts of I as the 
t emp erature i s increased. Each of these fractions still 
appeared'Wbea mixture, A, c on s isting of 1 ,4.,5,6- t etrahydro-
3-methoxybenzyl alcoho.l, II, as the ma jor component, and a 
small amount of a component which has v inyl hydrogens. other 
tha n in the 2-position. Thi s component could be ei ther 1.,4-
dihydro-3-methoxybcnzyl a lcohol , III, 1., 4-dj_hyfu"o- 3-methoxy-
benzamide, IV, 1. ,6-dihydro-3-metho xybenzyl a lcohol? V, or 
1, 6-clihydr o- 3--rnethoxyb enzamide , VI. 
amount of ethano l was u sed , was distilled through a Ne s.ter/ 
Faust Teflon spinning b a nd c ol umn. li'our fra ctions s B, were 
obtained which appeared t o b e the s ame fror!'. anaJysi.s of their 
l!nfra recJ and Nf,m spe<; tra, Figuren 17 ancl 1.8, pages 2L~ a nd. 25, 
respecti vely . These fractions uer e found _to cons ist entirely 
of I I . 
The SIXTH reduction, in wh t ch 16 eg_uival <.::nts of sodium 
was usecl, was disti ll ed \'/i th _a simple va cuum distill ation, 
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yielding thr ee fractions whi ch were ident ica l to t he fracti ons 
obtained from the distillation of the product of the FIF'l'H 
r educ t ion, II, as evidenced by their respective infrared 
and NMR spectra . 
Elem6nta l a na lysis of t wo of the fractions , B, and their 
NMR indicated that the simplest formula was c8H14o2 • The 
bands in t he region of 3500 cm- 1 of the infrared spectra are 
a.ttribl.!tcd to the hydroxyl group s i nce t he amine group is 
ruled out ~s there was only a trace of n i trogen (0.21 %) in 
t he tvto samples sent for analysis. Also , it should be noted 
that the ~inyl 0ther causes extr a strong absorption in the 
infrared in the 1.670 cm-lregion. 
In common NMR s olvents such as deuteriochloroform and 
carbon t e trachloride , the spin-spin, spli tt i ngs of the hydro-
xyl proton of alcohols are seldom observed. In dimethyl 
sulfoxide the strong hyfu~ogen bonding of the solvent shi fts 
t he hydroxyl proton r esonance down fie l d ( [ 4.0 ppm or 
higher) and reduces the rate of exchange sufficiently to 
allow ooserva t.ion of hydroxyl proton splitting. V/i th dimeth-
yl sul foxj.de as solvent , t he hydroxyl proton in methanol 
gives a q_uar te t , ancl primary, secondary, and t ert iary a lco-· 
27 
hols give cl early resolved. triple t s , douolets , and singlets, 
r espectively (~5 ). 
The NMR of II, Figure 19, page 28, was run in dimethyl 
sulfoxide (25) and clearly shov1ed that the compound was a 
primary alcohol , as evidenced oy the appearance of a triplet 
in t he region of l. 4e43 ppm, vt:Lth disappearance of the sing-
l et in Figure 18 at[2.36 ppm, ooth the singlet and triplet 
integrat ing to one pro t on. The assigrunents~r t he protons of 
II in the NMR run in dimethyl sulfoxide, Figure 19 , are as 
follow . Complex multip l et , 7 hydrogens , dl.67 ppm , methyl-
ene and methinyl protons of the ring; trip l et , 2 hydrogens , J 
3.24 ppm, methyl ene hydrogens of hydroxymethyl group . (Theo-
r et i cally one would expec t an. oc t et for the met hylene protons 
of the hyc1roxy1methyl group since the t wo .. methylene protons 
are noneq_utvalent and a r e spl:ii.t . by the methinyl proton and 
they split each other). singlet., 3 hydrogens , f 3 .42 ppm, 
methoxy group hydrogens ; t riplet 9 J L~. L~3 ppm, one hydrogen , 
hydroxyl hydrogen; "broad douolet, one hydrogen ,ft~. 58 ppm, 
vinyl hydrogen. It should be noted that methoxy group of 
II, in F'igure 18 , integr ates four protons . 'rhis is due to 
one of the components of a doul)lct b eing hidden under this 
peak. 
The two poss iole structures for II are given oelow, 
Figure 20 , page 29 , neither of whi ch has been r eported i n t he 
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literature . Structure ,. a.", 1,4,5 , 6-tetrahydro-3-methxoxy-
benzyl a l cohol, i s favored over structure "b", 1, 2 , 5 , 6-tetra-
hydro-3-methoxybenzyl a lcohol, on t he basis t hat the vinyl 
F].gu:r e 20 . Poss ible structures of the alcoho l 
formed in the reduction of m-methoxybenz-
amide with 8 or more equival:e.nts of sodium 
and e t hanol in li q_uj.d ammonia at -·33° . 
proton of " a 11 would. be split into a doublet and the vinyl 
proton of 11b 11 woul d be split iniD a triple.t ( 26 , 27) . Also , 
,. a 11 i s favorec1 over "b " on the bas is tha t I!!-me thoxybenzarrdde 
is probabl;y reduc ed. firs t to the tetrahydro-deri va ti ve in a 
manner B.nalogous to the reduction of _!!!~methoxybenzoic acid 
Figure 21, (1 9 ) with subsequent reduction of the · amide group 
'l'he i ncreas ing absorptj.on. tn the region of 3L,.6 cps in 
t he spectr a of t he mixtures j_s a ttributed to protons i n other 
30 
tha n the 2- posi tion. The absorption is probably due to 1, 4-
dihydro-3-methoxybcnzyl alcohol, III , or 1.,4-dihydro-3-meth-
oxyb enzamide , IV, page 18. 
From compari son of the NMR spectra of t he mixtures , Fig-
ures 1-3-1.6, II, Fir,ure . l8, and auth entic 1,4- dihydro-3-meth-
oxyb en~arnide , (30) , one can make some specula tions as t o t he 
identity of t he other corupo.nent o,f t he mixtures . 
When t he absorptions due. to the protons of I I are account -
ed for in t he NMR sp ec tra of the mixtures , and the remaining 
absorptions are compar ed vii th the NMR spectrum of IV, it is 
observed tha t there is no absorption in the spectra of the 
mixtures in the r egion off 7 . 00 ppm, which corresponds t o 
the region of NH2 protons in the sp ectr·um for IV. It is po ss i-
ble that the amount of IV in the mixtures, A, is too small to 
give an appl'ed_able absorp tj_on j_n thi s r egion, as it can be 
noted that the absorption for these NH2 protons is quite broad 
for IV alone in Figure 22. I~ i s fo r this r eason that it is 
believed tha t probably I II or IV is t he o.ther component but 
the other structures , V a nd:. VI_~ page 1.& can not be ruled cut . 
The fractions obtained from the spinning band di s ti l l a-
tion of the product of t he FI FTH reduction,consisting only of 
II, and others obta i ned by spinning ba nd distilla tj_on were ex--
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amined by gas- liquid chroma tography . 
Samples of each of the fractions were p l aced on two GLC 
columns , a 1 O% Car·bowax 20M 80/100 mesh Aeropak-· 30 and Chroma-
sorb W Reoplex L~OO being utilized. All gave the same elution 
patter·n, D.l us t rated in Fi gure 23, except the low-boiling ones . 
Integration of t he peaks showed t hat the small peak, wh ich 
\4 ~ ~ 
'1.1 ~ ~ aJir/ o;:JI/t{JJ,/} 
~ 
oc 
~ _/1_./ 
---r'--, /V'IC-.- -
'1/.. ANLJ /1 
Ftgure 23. Illus t rat ion of 
samples placed on GLC. 
,f"r . 
was no:t collected or i dentified in this. investl gat ion, ace-
ounted for approximately 2% of the total e l uate , and the 
l arge peak., 98%. One of the sampl es which consj.sted of II 
only was put on the Carbovmx ·Aeropak-30 column in 15 Jll por-
tions a nd the condensate corresponding to t he l argest peak 
eollected . The NMR spectrum of the condensate , Figure 24, 
page 33 , ·bears r emar lcabl e r esemblance to NMR spectrum of the 
l ow- boil ing fract i on , (40° , 0.3mm ) , Figure 11. The minor 
differences in t he spectra may be a t tributed to i mpurties 
in tte- latter. The infrared spectrum of the· condensate; 
Figure 25, page 34, closely r esembles t he i nfrared spectrwn 
of the l ow-boiling fr a ction, Figure 26, page 35 , except in 
the 3500 cm-1 ( 2. 8}1 ) and 1.6 75 om·· 1 ( 6j1 ) r egion. 1.'hcse 
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differences are probably due to t he l atter containing some 
i mpuri tics such as II-VI. 'rhe condensate was thus shovm to 
b e I. 
It was determi ned tha I can b e obtained from II by II 
eing sulJjected suclden1y t o a t emperature of 100° or above 
as det ected vd.th GLC. 'rhe formation of I fro m II in the 
distillation of the product from t he SECOND reduction. is 
ottributed to no t controlling t he te~perature of the hea ting 
mantle during the fi rst stage of the first disti llat ion, 
TA3LE III, page 5L~. The f orma tion of I from I I and other 
r eactions in this inves tigation are given in CHART I , page 
1 5. 
Elemental analysis of the condensa te from the GLC col-
umn showed t hat it vms isomeric \vi th II , c8H1.4o2, an d was 
b el ievecl t .o have structure "A", Fi gure 27 , based on its 
L- ,() '~H 6~ r~ 
··a" ..J ··r; .3 
Fi gur e 27 . Possibl e structure of c8H11 o2 based NMR, Figure 24 , and infrared spectr·emand 
probab l e orgin . 
NHR , Fi gure 24 , and inf r ared spectrura , Figur e 25. As illust-
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rat ed, i t i s noted that "A" could result from either " a " or 
"b", page 29. 
The following product , Figure 28 , woul d be predicted 
if "A" were subjected t o the same acid hydrolysis conditions 
as II. ( See p age 59). 
-\';\' r l __ l . ---·----~ 
Figure 28 . Acid hydrol;ysts of "A" of Figure 
27. 
Upon acid l".tydro l ysis of t he material here t ofore called 
"J.ow~boil ing" fr actj.on, the lcetone 3~hyclru :xymetllylqrclohexa· .. 
none , VII, j_s formed , identified by infrared and NMR spectra , 
me lting point and. irtixed meJ.ting potnt of its 2 ,L,.~dinitrophcn­
ylhyd.razone. See page 63 for deta ils. 'rho structure of t his 
-c, 
_ __() 
()C/1 
...3 
pr ev i ousl y unreported compound i s therefore , I, 1-methoxy-
7-o Xr:J.b j c y c 1 o ·~ ( 3 . 2 • 1 ) - o e t nne • 
The assignments ma de for the protons absorption i n t he 
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NMH for I, Figure 24 are : Complex multip l et , 9 hydrogens , 
cl 2.0 ppm , methylene and methinyl hydrogens of t he cycle-
h exane ring; singl et , 3 hydrogens , [ 3.3 ppm , methoxy group 
hydrogens ; sextet, 2 hydro gens ,f3.9 ppm , methylene hydrogens 
in the ring with oxygen. Theoret ica lly, the sexte t shoul d 
b e an octet , since the methyl en·e hydrogens in t he ring with 
oxygen are nonequi.valent and therefor e should sp l i t each other , 
and each in t ur·n should be split by the methinyl hydrogen· of 
the cyclohexane ring . 
~HEPAR~rJON OF DERIJC~T IVE~ OF ~~, 6-TETRAQXDH0-3~ 
JvlETHOXYBI~:i~ZYL ALCOHO~ (II), 
The 3,5-dinitrobenzoyl est er of t his a l cohol, II, appears 
to b e a liq_u:i..d sine~~ no solid was obt ained when I I wa s reactm 
ed vd th 3, 5-dini trobenzoyl chloride . The r eac t ion mixture 
smelled fragrant after worlc-up btlt the amount of liquid ob-
ta i ned was too small to determine any physical const ant s . 
Effort s in making a solid deriva t ive of II were discontinued 
in order to hydrolyze it. 
The a l co!Jo l was subjected t o acid hydrol ysis by modify-
ing t he procedur e of Wilds and Nel s on ( 31) . The modif i cations 
consist of us ing ether instead of benzene , and neutralizing 
the sulfuric acicl b efore extra ction of the ket one since j_t 
j_s very soluble j_n sul ful'ic ac i d ., 
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The hydrolysis , illustrated in Figure 29 , yields t he 
k etone ,VII , which has been r eport ed to b e synthesized by other 
methocls ( 32 , 33 ) , whose phenylhydrazone a l so has been r eport ed 
( 33). 
( t1 o;f 1,. 
J.(/~ H,_s~~-
j -(;()~ Llv.4Jz.l,;t-r ') 
'Oc~3 
JiJL 
Figure 29. Acid hydrolysis of I I . 
The inf rar ed and N~ffi spect ra of VII are given i n Figures 
30 and 31, pages 40 and 41 , r espectively . The a ssignments of 
the absor ptions for the protons of II a r e as follow : Complex 
mul tj_pl et: [ 1 . 82 pprn, methylene and. rnethinyl hydrogens of the 
r ing , 9 hydr ogenr:.; ; singlet ' r 2. 54 ppm hydroxy hydrogen; 
doublet ,[3 . 53 ppm, methyJ. ene hydrogens of the hydroxylmethyl 
group ~ 
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SUMt~ARY Oli' RI~SULTS 
1 . The unknown compound reported by Qazi ( 20 ) r esulting 
from t he Birch r educt i on of benzamide with 3.3 eq_uival ent s 
of sodium and ethano l in liquid ammonia at -33° has b een 
· ident i f i ed as 1 , 4-dihydrobenzarnide . 
2. ,!!!-!/iethoxybenzarnide upon r educt i on with 3, 3 equivalents 
42 
of so dium at the bo iling point of ammonia , wi th ethanol r e-
sults in a c ompl ex mj_xture of r educt i on products that was not 
s eparated in this investigation. 
3. ,!!!-Methoxybenzami de appear s from t he NM.R spcctr·um of the 
produc t to yield upo n r educt ion with 8 equivalent s. of sodium 
and ethanol in liqyid ammonia a t ··33° , 1 ,L,., 5,6-tetrahydro-
3-methoxybenzyl a lcohol, I I, an unic1ent ifl ed component , and 
polymer. With a 18rge excess of sodium the only products of 
r eduction of g-·m.ethoxybenzamide under these condi tiong i s 
the unrepor t ed, n ew compound , II, and polymer. 
L~. 1 , 4, 5, 6-'l' etrahydro~ 3-rne thoxybenzyl a lcohol, II, upon 
being sub j ec t ed t o sudden heat above 100° i s converted to 
previous l y unreported l-metho xy-7-oxabicyc lo-(3.2.1)-octane,I . 
5 . Both 1,!~ 1 5,6-tetrahydro-3-me thoxybenzyl alcohol, II, and. 
1-methoxy-· 7-oxabicycJ.o-· ( 3 .?. . 1 )-octa n e , I , upon acj_ d hydro 1 yS..S 
yi e ld 3--hydroxymethylcyclohexanone, VII. The c ompl e t e ele-· 
mental of these compounds , I, I I, and VI I and the 2,4-dinitro-
phenyl h;vdr a zone of VII are r eported here for the first time. 
CHAPTER III 
EXPER I hi EN 'r JU, 
FIRST b-_1'_T~·,\~PTl~D. PHEJ'ABA.J'IOJ:!" '.Q~ j...J±- DirfYJ1HOf?.EN_00IC 
ACID . 
L~3 
In e. thr ee-necked, r ound- bottomed, 2- l i ter flask , equ ip-
peel with a mechanical stirrer and dry ice condenser, wa s placed 
20.0 g (0 .1 64 mole ) of b enzoic acid and approximat e l y 600 
ml of anhydrous l iquid ammonia , which had b een condensed from 
ammonia vapors . Lithium ribbon, 4 .0 g (0.54 mole) , after be-
ing cleaned of its protective coating of petrolatum in a series 
of b a ths of leVI-boiling petroleum e t her , was added over a 
perjod of five minutes , tb the mixt ure of benzoic acid and 
l :i.quJ. c1 amrr.onia, ( - 3.')0 ). .1-\.bsolute ethanol , 11 0 ml, was added 
over· a period of 15 min'-ltes , after v1hi.ch the blue co l or dj_s-
app eared. . Amm.oni"...lJ1l cl1lor ide 1 30 g was added to reduce the 
b asicity , and the mixt ure vas stirred an additional hour . 
The r eaction flask Tias opened and t he ammonia was allowed t o 
evapora te overnight at ambient t emperature and pressure . 
The r esiclt::.a l soli d and l .:I.quid were di sso lved in 300 ml of di-
stilled ice water , and using the amount of reported by Kuehne 
and Lamb0rt , (34) 100 ml of 10% hydrochloric acid wa,:;, added. 
to acidify the mixture. Pour 100-ml portions of ether were 
added to extract the aq_ueous solution . 'l'lw combined extracts 
vvere d_rj ed o·j Cl' 3 g of anhydrous me. gnes i t.l.ln sulfa tc and t he 
ether was removed by evaporati.on a t r educed. pressure ( water 
aspirator), l eaving no r e sidue . 
The ~;e.me exp erimenta l apparatus , conditions , and q_uan·-
tit ies of reagents were u s ed for this r educti on as in the 
flrst. Aft e r evapoPa t ion of the ammonia , t he r ea ct ion mlx-· 
ture was di sso l ved in 300 ml of distilled ice wat er and 1 50 · 
ml of 10% hydrocl1loric acid was added. Pour 1 00-ml e t her 
extracts were combined and wa shed vti th 50 ml of saturat ed 
sodium. chloride solution and t hen dri ed over anhydrous mag-
nes.ilu m sulfa t e. The ether wa s evaporat ed, and agaj.n no ma·~ 
t erial wao obtained. 
'rHIHD AT'r K;lPTED PR1!~P 1\RA'riON OF' .1..t_ 4-D~I)ff]2ROBEi~·zo~Q Ac tJj ~· --~----·--·-·-·· ··· ····----.. ·~-----· 
- -
Everything ~a s the same as i n the other two attempts ex-
c ept that 1 O% hydrochlor ic acj.d wa s added du r i ng work- up un-
til the mixtm· e wa s def~.ni t e ly ad die t o litmus, 300 ml wa s 
needed.. Af ter· t h e ether ha d been eva1)ora. ted H~. 70 g ( 0 .1 20 
J 7 5,'j1 • ] ' ) f' mo .er ~ y1e .a o · 
25 . 
ed., nD 1.5015 ( J.1t 
crude 1 rL~-d:i.hydrobenzo j_c a cid wa s obta in-
(3Lt.) 11~5 1. 501·1, purlfiecl ) and who s e in-
frar e d s p e ct:r·"Cm was identical to tha t of' an ·infra r e d spectrum 
of a n authentic fJarnp l e ob t a ine <'l by Nj. em ( 35 ) o No e f fort s 
·were made to pm:i f y t h e crude na t eri a.l further. Obviously, 
the difficul t y with the fir s t two r e duc tion s was that t he 
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amount of hydrochloric acid used was not sufficient to acidi-
fy the solution during \vork-up . 
In infra red spectrum of a sampl e of the compound which 
Qazi (20) obta ined when benzamide was reduced with 3 . 42 eq_ui -
o 
valents of sodium and ethanol at -33 , and hRd left in this 
laborator;y- wrtr; identical with the infrared spectrum of au-
thentlc 1, L~-- dihydrobenzawide also S:'J'nthesizecl by Qaz:L ( 20) . 
Also, there was little or no depression of t he mel ting point 
of 1,4·-dihydrobenzamid.e (m.p. 148-~-9°) vthen mixed ( rn .p . 1.L~ 3-
470) with t he unln~own ( m.p. 14h--L0°). Thus, it was concluded 
that Qa.zi' s "un'«:norm" was actually 1 , 4-dihydrobenzamlde. No 
explan:~tion is offered as to why the infrared spectrum Qazi 
obtained for this material was different from t hat of 1,4-di-
hydrobenzamide except that possibly the infrared. spec tro-
photomet er was not in proper working order at the time he 
obtained it. 
In a 500--ml r ound--bottomed, 2-neci.ked flask , eq_uipped 
with a r eflux condenser and a thermometer , were placed 20.0 
g (0.1 32 mole) of ~--methoxybenzoic acid and 1-5.6 g (0.264 
mole) of urea. The reactants were thoroughly mixed and heat·-
ing mantle for 2 hours at 170-1 80° ( 24 ). The react i on mix-
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t ure was then cool ed to 120° , made basic and ~issolved wi th 
5% sodium carbona t e . 'l'he basic mixture was extracted once 
wi th 250 ml of ether and t hen t he sol i ds were p laced in a 
separatory funnel along with 500 ml of water and extracted 
wi t h 250 ml of ether . The combined eth er extracts. were eva-
p orated at reduced presst1.re af t er drying over <HL'l~{ d.r-ous 
magnesium sul fate , l e a;ing 1,.43 g (7 . 25% yiel d) of materi.a.J. 
which after recrystul l 1za tion from aeetonc-wa ter (m. p 1 26·~ 
1 30°) had. an i nfrared spe ctr um identica l to t hat of authentic 
_!!!-met110x~rbenza:nicle. ( K nnc1 K I,abs , m. p . 1.32-34°) 
SECOND PREPAHA'I'ION OF m-METHOXYBI~HZJ\~.:Ii.JE . 
-~---·-- .. _ ...... - ... ---..-·.--.. --.- --·· ----·------- --
The same equi pment and quantities wer e us ed as in t he 
f i rst but the mixtur e was heated for four hours between 170-
1800 . Aft er t !1e mixt ure cooled to room temperature ( 2Lt0 ), 
an unsucces ful attempt was made to disso l ve t he solid i n 250 
rnl of e t her . The mixture was tl1en reheated to melting and 
di ssolved in 5% sadi.um carbonate o This solutj_cm was extract-
eel. with t wo 250-ml por•U.ons of ether- . After· evaporation of 
t he e t he:e, 3 . 07 g ( 1 5 . 5% yieJ d ) of g --me thoxybenzarni d.e vtas oo-
t ain0d (m . p . 127·-130°) 
'l'o a three-necked, r ound-·'oottom fl ask , equ i pped with a 
dry ice condenser and mechanical stirrer was added 10. 0 g 
(0 . 066 mol e ) of m-·methoxybenzamide , 135 ml of absolute ethan-
ol and 800 ml of anhydrous ammonia . After the ammoni:=.t s t art-
ed. r efl uxing, 5. 3 g ( 0. 231 mole) of sodium was addecl in s mall 
piec es ove r a period .of five minutes . After the transient 
blue color disappei~ed, a pal e yellow co lor persisted f or 5 
minut es before a l so disappearing . After addi ti on of ammonium 
chloride, 20.0 g (0.373 mol e) , t he mixture was stirred an 
additional hour , and the ammoni a a llowed t o evaporate at am-
bient temper ature and pr essure . The resulting mi xture wa s 
dissolved in 250ml of disti lled i ce wat er and ext racted with 
t hree 1 00-ml portions of methylene chloride. 'rhe combined 
extracts were dr·:i ecl over anhydrous magnes iurn sulfate and t he 
methylene chloride ·was evapor a ted at reduced pressure , yield-· 
ing 9 . 35 g of solid material ( m. p . 82.-125°'). This soli d ma-· 
t er i a l was recrysta llized f rom benzene-pe troleum ether ( m.p . 
90-133°). The recrys t allized solid was trea t ed w~th decolor-
).ne; c a rbon , us ing benzene as the solvent, and the n r ecrystal-
li zed again frow benzene-petrole um ethe r , yielding material 
with m.p . 1 00- 1 2L~0 • A portion of this t wice--recrys t a llized 
mater i a l vra. s rc_crystallized a third time from benzene-petro-
l eum ether , yiel ding material with m.p. 105-129°. Efforts 
to s epara t ed t he comyonents of t his mixture were d}.scon:tinued 
in orclcl~ t o inves U ga t e the r e d.uc t ion of _!!!-methoxybenzE!.Hiidc 
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with 8 equiva l ents of sodium. 
'l'he experimental conditions , eg_uipntent, QUanti ties of 
r eagents , and. work-up were the same as in the FIHS'r red1.1ct:i.on 
... 
o f' !1},- Ine t hoxyben?.arnide , except tha t 1 2 .11.~ g (0. 528 mole, 8 . 0 
equ iva l ents) of sodi urn was u sed ( 19, 20). There was ohta:Lnecl 
9.37 g of a brown liquid n~5 1. 5103. Tho NMR spectrum of t his 
brown l iqu id, Figure 32, page L~9, shows several mcthoxy group 
protons peaks indicating that it was a mixture . The i nfrared 
spectrun, Figure 33 , page 50, contains in the funda mental 
fi•e quency region ba.nds t hat may be a t tPi buted to OH and/ or 
1 -1 NH at 3.01·: ( 3279 em-), CH 3.50p (28S7 em ), C=-=C and/or C=O 
5.98p (1 672 cm- 1 ) a nd j_n the fingerpr i nt r eg j_on 0--c, two 
b and.s b e t ween 9 and 10// ( 1111 to 1000 em - 1 ). 
Everything \Ya.s the same as in. t he Sli:COirD recluc tion ex-
c ept tha t Aldrich ChemicRl 1 s I!!·-methoxybenzamide was us e d in-· 
stead of K anc1. K. Labs 1 and. t vdc8 the amount of r·eagents was 
u sed, yielding 16.49 g of brown liqu id product , n~5 1. 5 1 ~8 , 
whos e infrared sp ectrum was identical t o the infra~ed spe c-
t rum of th e produc t of the SECOND r eduction. 
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Thi s reduction was the same as the THIRD , yielding 
1 6 ,t~7 g of product~ 1~ 5 1. 5169 . The j_nfrared sp6ctrum was 
th e same as tho sp ectra of the products of the SECOND and 
THIRD r educ tions. 
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The procedure was the same as in the previoua r eductions 
except that 1+0 . 0 g (0.264 mole ) of Q!-~methoxyoenz.amide , 570 
rnl of ethanol, approximately 1 L~OO ml of anhydrous ammonia , 
and 48 .56 g ( 2. 11 2 mole , 8 equivalents ) of sodium were; us ed . 
In contras t to the other reductions of !!!-methoxybenzamicle 
with 8 and 3. 3 equi•.rn l ents of sodium, where complet e reactj_on 
occured after no more tha n 10 minutes , as evidenced by dis-
appearance of the blue color, in this reduc tion, the sodium 
was not at all used up, even after two hours . The intcnsi--
ty of t hf~ color did change from an inj_tial opaque -to fj_nally 
a t ranslunccnt blue. 'l'h e inf rared spec trwn of the product , 
31..1.10 g d.iffers from th e infrared. spcc:tY'a of' the products of 
SECOND-FOURT~ reductions. ~l error was made in measuring 
either the amount of sodi un1 or etha nol. 
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The proc edure was the same as in the previous r eductions 
except that L~8. 56 g ( 16.0 eq_ui valents ) or sodium was used. 
Reaction work-up yielded 15. 84 g of brown liqu id, ~5 1. 508L~, 
whos e infrared. spectrum was i dent i cal to. the spe ctrum of the 
product of t he PI:B'TH reduction. It i s significant tha t the 
blue color disappea red in thj_s reduc tion aft.er 30 minutes, 
indicating tha t an error was made in the amount of ethanol 
u sed in t he li'IFTH r educ t 1on with 8 ( ? ) eq_·ui va l en ts of sodium . 
The r educt :i.ons in thi s i nvestigation are s um marized in 'rABIJJ!: 
II , page 53. 
EXPLO!~tl..TQBY ATT:..mn:_T.;? 'I'Q AP.PJ,y _TlULJJAY:B;R _CliRO.l1A'r..Cl= 
~HA?.J:L_EQB .91I;J::f.1.3/tTJ OI~ OF J~JTE.: _Q_Qt:JE..Olii~.N.T..S _QF .Tiil3 JH.X~ 
'l.'URES ~ _  .... __ _ 
Plates coat ed vri th S j.lica Gel-G were soaked. in 0 . 04% 
fluorescein ( sodium salt) for 1.0 minutes , air dried , and. then 
spotted with the product fro!ll the SECOND reduc tj_on . lflethanol , 
benzene, chlorof orm 1 and car~)on tetra chloride were added one 
a t a time , to individua l spots, ( 36 ) with benzene and methano l 
appea rlng to move the spots bes t . _fl. 50/50 volur!lE: percent 
methanol-benzen e solution wa s u s ed on a 3% solution of the 
follo wing disso lved in benzene : ( 1 ) the second reduction pro-
duct , (2) benzamil.le and I!! --me thoxybem~am1de , and , ( .3) the soli d 
mixture obtained frolll th e FI:ZST reduction, f:Lve mj_crolitcrs 
TABLE II 
EXP~RI!VlEN TAL CONDITIONS OF BIRCH REDUCTION Of' .!]!- METHOXYBENZAMI DE 
FOLLOWING ORDER 01<' ADDITION OF R~AGENTS OF KUEHNE AND LAMBERT 
! Re ducticn-- 1- Ainount, of I Amount of 1 Amount of Yield of l boinpO-si tion of -J 
j sodium, 1 _!g- ril.eth ozy- 1 a-osolute crude pro- , product 
\ 1 eq_ui valents benzarr.i~e I ethanol , ml duct, g _. 
1 1 f r:ole s g . mole· · 
-t-- • . .. 
I FIRST ). 3 . 10.0 1 1,35 I . 9 .• 35 I ·Unresolved solid I 
I ( o. 231.) __ (_~o6_Q_l I [_ _ _ _ I mixture ! SECOND I 8 . 0 1 0-:-o-----~----- 1 . .35 ---- , 9 . 37 ---i 1 , 4,5,6- Tetrahy- 'j 
I I ( 0 . 528 ) ( 0. 066) I I 1 dro- 3- methoxy-
1 I benzyl alcoho l ,II I 1 
1
1 and uniG_enti:fied 
I 1 component and l THIRD 8 . 0 I 20 . 0 I 270 11 16 . 49 I uolxr:l e~ . -l 
1 (1 . 056) ( Oo132) · j 
1
,--FOf:R'f H 0 . 0 20 . 0 270 16 . 47 I 
_(1.0 5§_) ro.1~-~ ! ~--1.-=' I,..,---1'---:-T-!-! -t-----'-"-7'0 . 0 \ '? ) 40 . 0 57 0 I 31 • 40 
!_ _ ___ _(2.11 2 ) 1 (0 . 264 ) (?) 
~~ rx·ry 16 .0 i 20. 0 270 15. 84 
11 
" 
II a ntfpoTyrner 
II and nolymer 
\J1 
\.J.J 
54 
of each solution being placed on a fluorescein plate. The 
t wo mixtures of t he r eduction products, both with Rf values 
of 0.85 , mi grated as singl e spots. The benzamide and m-
· methoxybenzamide were not visible with ultraviolet or visible 
l ight. In other experirnenta \'lith TLC, no reproducibility 
could be obtained because. the fluoresce:i.n moved. with the 
so l vent front even after heati~ the pla t es for 2 hours at 
100°. Thin layer chromatography v1as discontinued and dis-
tillation was dried for the separation of the components of 
t he mix.tui'es . 
YACUTH~ DI_f)TILJ~~T ~_9N OF' THE CRUDE PHODlJCT FROM THE 
SECOND REDUCTION. 
-~------- . .-.---·----
The first di st i l lation was carried out under vacuum 
using a 28-centimeter Vigreux column and heating mantle . In 
- t he ma in, the first distillation was not efficient b ecause 
t he t emperature of the heat ing mantle was not controlled care-
fully . TABLE III gi·ves the param.eters in the fir st distilla-
'l'ABJ.E III 
DISTILLA'l'ION OF TEE PRODUC'l' FR0:1 'l' !-iE 
SECOND REDUC'J.'ION 
1.'emperatur·e-----··--·--pr esu.ure··· 
of vapor ,°C mm 
tion. The fractions from thi s first distilla tion were r ecom-
bined and r edistilled, using a_hcnting mantle and 50-c enti-
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meter Vi greux coJ.umn, TABLg IV . After dis t illation of t he 
produc t s of t he SECOND--SIXTH r eductions, a polymeric rna t el'i a l 
r emained i n t he di s t il l ing flask . 
TABJ.JE IV 
DIS'l' ILLATION 01" 'rHE RB.:COi\ilB I NED 
FRAC'riONS OF TilE DISTILAT ION GIV-
EN IN 'l'ABLE I I • . 
'l•'I'Erc·t 1 on-·---w-r:-or~------Temper at use or - - -
numb cr f r actions vapor , C 
grams 
Pressu-r e--
( mm) 
I 1 • 1 2 5-0-80 ----- - 6 • 0 
FI=I __ --_--_-_ _ :_--_--4-:-60-- --t- 8-;,-0-o---1-0. __ 5 __ ·=-=-----6. 0--
, i[ I I Ch_9_2__ 19.5.-ill___ ~~ §~ _ 0__ __. 
'l'he NMR spectra of the fractions from the second dis-
tilla tion showed tha t each fract i on consisted of a mixture 
as evi denced by the severa l mct hoxy peaks in the region of 
h3.3 t o 3.5 ppm. The infrared spectra of t hese same fr actions 
showed tha t t he first t wo fractions were simi l i a r with the 
l ast b ej_ng di ffer ent f r om the ot her two. 
The reduction products frorrL the S:i£COND arid l•'OUH'l'H re-
duct ion and t he fractions from the distil l ation of t he pro-
duct f rom the 1'HIHD r eduction wer e combined and di stilled 
through a Nester/Faust Lab-size 36" spinning band column , 
'rABLE v, page 56. 
The N~R and infrared spectra of fr ac t i ons I and II a re 
very simi l ar , indica ting t hat they were t he same , Fi gure 11 
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and 26 . The higher boiling fractions ( 78-86°·, 0.3 rnm) have 
similar infrared spectr a , Figure 12 , but the N!ILR spectra 
differed from t he lower boiling fract i ons as t he temperat ure 
increased, Figures 13, 14, 15, and 16. 
TABLE V 
DIS'J,ILLATION OF TEE CO:·~iBINED 
REDUC'l' IOH PHGDCCTS 
- - - - --.------.-----------
Fract l on Wt. of !. .. ~m _p_ e r a t . 1: 
umber sample Oil Vapor Outs 
-------~~ !'~ ssur-~1Refrac---1 r e, 0 q 
ide of mrn tive i~"5 
grams . bath colu mn 
·--- dex. , ~ 
- ---1 L~O _lt-0 ___23 Q_. 3 
1 0 l.~O 50 
. -·---r- ---·' 170 78--80 70 
--- ---- ~-----
---
. 3 
. 3 J~ . L~Bf8-
----- · · 3 1. 0 1.~881--1~--~==-:~~~-~- _;g_g _- ~-g~~~\ ~~ 
_ VI . __ 1_ .. o 8___ 19Q··· 84-86 95 ----~ · 
. ~ 1-) . l.t-892. 
1. ~'-~893 J - 125 . 3 
________________ g_~~2. ___ ---- - - -
--
The product was dj_s t i lled. through an Annular 'r e f lon Spin-
i ng Band Distilla tion Column , manufa ctured by Ne s ter/Fa ust 
Manufacturing Corporat1 on , Newark , De l aware . 'l'h e disti llation 
data are ginen in TABLE VI . 
TABL:g VI . 
DI STI LLA'l' ION OF THE PRODUC'l' 01<' THE HEDUC'l' I ON 
·-r-- r--·-- -----· ----- -Fraction~· V/t. of 'T ~-J!L-.:'L-<:Lr~ t u r e,,___"J; ___ !Press. ~efrac-
mmber samp l e , +J Oll JHcacl. .1-e-CLL.J~_TILJ) _ _ ~rn tJ.ve l~5 
l bath ( Cor.LTop i~.ii d • . B~~~------- ~:-~~~ 
---r --
1
--3-:-s ----- 152- ::cn;='l 71-=·3 12-L' n -a 0 . 9-:11 1.1.as:1_ 
II 4.-o·---L 1 50-:-11_ 7~~ 70- 'j ~12-:.~_3__ 1.1- 7$ 0. 5- 1 • L~§_8 3 _ 
III _; 3_o 5 --1_:1 E;-3 - j-.3Jl_ Ll4-.§.f J_O ___ }_§_ ____ I __ ___Q-'!._5.~ __ L_!lQ_2$-r_v--=.__j__.~ ___ J_j__oQ_ 82 _l_1Q_ _ _ ~~2.-:.2 . }_3.::...5, ~--?:.5-,_h~~§So 
' {"j oJ.~:::.Co:t' t:'•t~'.8ted , .. l d:o: ;·_, J.dal e 13o lt , =·= .50 1J fll 
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I n t h e above distillat i on , t he di s til l i ng f lask was J.ov1-
ered i nto the o i l b a th slowly so a s t o minimize ove r hea ting 
t h e produc t . 'l'he sp i nn ing b and co l umn d.id not app ear t o have 
t he thermocouple ins i de the hea d of the colum ~ Therefor e , 
di s t i lle d b enz ene was r e f l uxe d through t h e col umn s o t hat 
an approx j_ ma t e co r r e ction c oul d b e made fo r the differen ce 
b e t we en t h e t e mpe r a ture i ns i de the hea d a nd out s ide t 5. n c e t he 
thermocoup l e a ppe ared to be out side the h ead i n thi s p ar t i -
cula r mo de l spinning band. Yrom t he r efluxing benz ene , 4 
drops/min., it was determined t h a t a cor):ection of a.pproxi-
o 
rna tely +L~ had to b e ma de on the bo iJ.ing po:Ln t of t h e f r ac--
tions t o o'bta 1n t he t rue boiling point . 'l'his was determined 
f rom t h e t her 1:1ocoup J. e r ea ding on t he cons ole wh i eh i ndj. c a t. ecl 
t ha t t h e t emperutu1·e insj.dc t he head of the coJ.utnn was 76° 
f or vapori zed b enzene . ( Bo i l i ng p o i nt of b e nzene , 80°) 
Si nce none of t he f r a ction s from b oth spinni ng b ands 
cry f:3 t a l 1izccl . out a t -5° aft.er s j.x hour s , GLC vms app l ie d 
i n a n att empt t o s epa r a t e t he comp onent s of the f r a ctions . 
An Aerograph Model A-90- P GLC with r e corder . and Di sc hlodel 
224 int e gr a t or v:er·e u sed . A 1O- f t . , 8- rnm i nterna l d i ame t er 
Chro mo s orb W, Reoplex 400 coJ.umn gave t he s a me patt ern f o r 
al l t he f.ra~ tions except f o r s mall p eaks }.n t he f!'Etctions 
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boiling at L~0°/0.3mm . Other parameters for thi s column were 
detector 250° , co l umn 170° , in j ector 200°, carrier gas , helium, 
flow r ate 50 ml/min. gas pressure , 12 . 5 psio In a similar 
manner aJ.l the fractions gave the same pa t tern on a 5-ft. 
1 o1o Carbovtax 20 m, 80/1.00 mesh Aeropak- 30 colwnn , illustrated 
i n J?igure 23. Parameters vrere : · inj ector' 205° , column ·150°, 
detector 150° , collector 190° s flow rate, 200 ml/min , carrier 
gas h elium, gas pressure 40 psi, r e tention tire small peak , 
2%~ 15 secondsf large peak, _6 minutes 98%. Since a J.l of the 
f ractions indicated that the same product was being eluted 
from the column, one of the higher boiling frac tions rms used 
t o collect enough of the eluant fr om t he column for physicaJ. 
measurements and chemical t es t . Fraction I (b.p 74-79°/0.9-
1 • 0 mm) ·was p1.aced on the Carbov1ax 20 co lumn, 1 5 p l at a time , 
and collected in a condenser cooled by ice wa ter . 'l'he con-
densated was as s igned the structure of 1-met.hoxy-7-oxabicyclo-
( 3 . 2 .1 )-octane p I in the Results and Discussion, p age 37. 
Refractive inclex , ~5 l.L~641. Ana lysis : Ca rbon 67 . L~3% , hydi'o~ 
gen 9 . 76%, oxygen 22 . 69%. Calculated for c8H1.4o2 : Carbon 
67.6%, hydro gen s 9 . 86% and oxygen,22.50%. 
The small dU'i'erences b e tween the fine structure in the 
NMR and infrared spectra of I from the t~o different sources 
are attributed to the gr eat er purity of I prepared fr om GIC 
as opposed t o tha t for med in the di s tilla tion . 
In collectjng enough of t he condensate fro m the placing 
1, 4 , 5, 6-tetrahydro-3--methoxybenzyl alcohol , II , on t he GLC 
column in order t o chemical ly determine its struc t ure , it 
was not ed that t he condensa te account ed for onl y about 50% 
of the material i njected into t he chromatographo Perhaps 
t he i ce water bath wa s not efficient enough for tota l con-
dcnsation of t he eluate ~ 
DETERMINA'fi_Qfi OJ[ 'r.1:L~ T.E:',1P.ERll'l'_liRE E.OR- 'lJ.lK 
FORMA'r I ON OF I FRO?A I.L -~-------- -- -- ---
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By lowering the temperature of t he inj ection port on the 
co lumn on the GI~ it was determined that the mini mum t empera-
ture for which the forma tion of I from II, which could be de-
t ec t cd on t he GLC, 0 was 100 • This t e~perature was determined 
by j_njecting S '-~ve ral. sample s of I and II at various t empera-
t ures and no t i~gJa change in the positions or l ack of appear-
ance of peaks. At an inject ion t emperature above 100° and a 
column t emperature ab ove 75° all t te fractj_ons give peaks. on 
the Carbowax 20 column. Below the se temperatures only I gives 
a pea.k on the GJ..C. Thus ,i t appear s t hat below 100° II does 
not it>omcrize t o I since onl y I i s detected on the GLC when 
I and II are i njected below 100°. 
Anal~sis of II fr om the FI~TH Pcduction used in the hydro-
lysis was as follows : Car~on, 67.51%, hydrogen 9.72%,and oxy-
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gens 22 .69%. Ca l c ual ted for c8H1.4 02 , Carbon, 67.60% , hydro-· 
. at gen , 9. 86% and oxygen, 22. 50,o. 
In a t hr ee-n ecked, 250-ml round--bottomed flask , equipp-
ed with a mechanical stirre r , thermom e ter , and -dropping fun-
n el, was added , dropwise, cold ( 3°), 50 ml of 25% sulfur.C a.ci d 
over a perio cl of 15 minu t es to a cold (5° ) soluti on of 1 . 06 g 
of II in 75 ml .of di s tilled benzene ( 31.) . The mixture was 
s ti rred, surrounded by a n ice b a th, for a n additional 30 
minutes , with the reaction mixture between 7-8° during this 
t ime . The mixtur e wa s then extracted with the benzene in the 
r eac t ion fl ask and t wo additional 50-ml portions of benzene. 
'rhe combined extracts wer e wash ed vti th 50 ml of 5:¥~ sodi unt 
ca rbona t e tvlic e , and dried with a n.hycirous magnesi um sulfate . 
The benzene wa s evaporated at r educed pressure ( water aspi-
rater), yielding no re s ldue . 
The sulfuric ac id por tion of the r eaction mixture was 
ext racted vd. th t wo 1 00-ml portions o.f ether . 'rhe combined 
extracts v:ere dried over anhydrous magnesi urn sulfate . Evapor-
t 1.on of the ether at r educed pressure yielded 0.11 g o f a sub-
stanc e whose j_nfrared spec trum j_s g ive n in Figur e 30 , and 
which vras i dentj_fi ed as 3-hydroxyme thylcyclohcxanone , VII . 
See page 37 . The mos t pro1ni nent feature o~ thi s spectrum is 
t he band in the c a rbonyl portion of t he spec t rum , indicating 
that hydrolysis of the eno l ether group in II had occured. 
'l'he sulfuric acid-\·;ater-product so l ut:Lon was e):tr•acted wi th 
G:l 
15 additional 100-ml portions of e t her. The extracts were 
dr i ed over anhy~rous magnesium sulfate and the ether evapor-
ated a t r educed pressure , yi.elcli ng a 9l ack resi due we ighing 
t wo times mor e than the starting material . The r esidue was 
check ed for p eroxides since the eth~r was no t distilled b e-
for us ing . Th e black r esidue was probably t he " substances 
darkened by H SO " i ndicated on the l abel from which the eth--2 L~ 
er was t aken . Two a ttemp t s to make a 2,4-d.initrophenylhydra-
zone of the carbon;>'l compound in t he residue fai l ed. 
In a three-·necked, 250-·ml fl ask , equipped with a reflux 
conden~;cr> r mechanica l stirrer , and dropp i ng funnel was added 
0 .78 g ( 0 . 0055 mo l e) of II dissolv ed in 25 ml of cold, dis-
tilled ether ( -2° ) . To thi s e t her solution was added 50 ml 
of cold, 25% sulfuric ac.i cl wa ter ( -5°) over a p eriod. of 1.0 
minutes . The r eaction flask was not immersed i n a n i ce bath 
but was a llowed to warm up s l owly . The mixture was s tirred 
for 30 minutes b e t ween 0- 27° , 30 minut es a t 27° ( room t empcr-
·t ure) and 45 minutes a t e ther r eflux, 39°. ( Sulfuric ac i d 
0 l ayer a t 50 ). The sul fur i c ac i d solution was extracted wi fu 
t he ether i n t he reaction fla sk and t hen solid s odi um carbon-
ate· ·wa s added to aci die mixtur e in t he reacti on flask until 
effervescence ceased. The neutra li zed solution wa s extracted 
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with three 100-ml portions of distilled ether , the comb ined 
extracts were dr i ed over anhy6.rous magnesium su lfa te, ether 
evaporated to yield 0.49 g (0.0038 mole , 69% yiel~ of VII , 
identifled by i nfrared and N.~.m spectra . 'l'he m,m spectrum , 
Fi gur e_ 31 does not ~how t he promi nent methoY.y group peak 
in the region of [3 . 34 ppm or the viny-l proton peak in t he 
region of/l.t . 6o ppm , j_ndJcating tha t hydro l ys i s of t he enol 
ether had occured. The analysis f o r this crude product is 
carbon 65.17%, hydro gen, 9 . 627~ and ox~r 2:en, 2Lj .• 80:76 . Ca lculat-
ed for c7H1,2o2 : c arbon , 65 . 62~; , hydro gen , 9.3"N~ , oxygen , 25.00%. 
The r e action cond itions , eCJ.uipment , and worlc-~ up V!e r e t h e 
sai:;e as in the SECOnD hydrolysi s . F'or this hydrol~rs i 0.68 g 
( 0. 0048 mole) of II was used~ After work-up O . L~7 g ( 0 . 0037 
mole, 77% yield) of VII was obtained , n~5 1. 4806 . The infra -
red. spectrum of this product , i s identica l to t he infra red 
spectra of the products of t he FIRST and SECOND hyarolysis . 
As in the other products of the aciaic hydrolys is of II , 
there were minute tra ces of solids susp ended in the l:Lq_uid. 
The entir e product vtas cooled ( -6°) for six hours . The liq-
uid b e c ame vi scous but ~id not cry s t a llize. 
ACID HYDR OLYSIS O.F' 1- !" .. :E1'n0XY-7-0L\BICYCLO- ( 3. 2..J.)-
-OCTAI,frr~~ --· - - ---- --
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The reaetton concli t i ons 1 equi pment and wor k- up were t he 
s ame a s in t he second a nd t hird a cid hydrolys i s of II . From 
0. 31 g of I , ( 0. 0022 mo l e) which was obta ined as. t he conden-
sate r e s ulting fro m II being put on t he Ca r bowax co l umn , 0 . 20 
g of VII, (0.001 56 mol e , 71 % yi e l d ) was ob t a i ned . Thi s p r o-
duct a lso had mi nut e t races of s olids i n it a nd di d not 
crys t a lli ~e v1h en cooled ( - 6°) for 2 hours . The infrar ed 
sp ectrum of .this pro duc t . is identica l to t he inf r a r ed spectra 
of the produc t of t he a cid hydro l ys i s of II. The NMR spec-
truro , Figure 34, page 64, is s imila r to t he NMR obta ined from 
the s econd hydrolys i s product of II, .t<"i gure 31. The ma jor 
differ enc e being the po s ition of t he s ing l e t of t he hydro-
~yl proton. 
PRF:PJ\R,\TI Oi:\: OF THJ•: ?,._,J±- DI NI 'l'ROPHENYLHYDRJ\.ZONE 
ill'-.3-lfYl)R c/i~Y !,"lE 'J.'HYJ :cYCL-illi"E"5Ct\RON.E (--fji I )-,--OB7i'Aii~-­E~ E:Ro~.r. 'l' Hi;~ 1.\_c rD HYi5rwLYsis 21~ I ~ Ai~11 IflJ. . --
The proc edur e follov!ed. f or making t he 2., 4-·dini t r ophenyl-
hydraz one was the s t a ndar d one as described in Shr iner , Fuson, 
a nd Curtin (37). The crude 2,4-di n itroph enyl hydrazon of VII 
f;rom. II melt s in t he r a nge of t 06-11 0° , wi thout decornpos i tion 
when insert ed a t 25°, at 105-·110° .w11 en inser ted at 50° , a nd 
105- 109° when insert ed a t 90°, without decomposition i n any 
case . 'l'he 2 , 4·-di n i trophenylhyd.ra zone was recrysta l lized from 
e t hanol , m.p ., i nsert ed a t 26° , 120-122° , inserted at 70° , 
11 9- 120° (l i t . (33 ) m.p. 118°) . A. s eco nd c rop from t he f irs t 
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Figure 34. NMR spectrum of VII obtained froiJ. the 
acid hydrolysi s of I. 
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r ecrystallization was obtained by coo ling the filtrate (-5°) 
fo r tvvo hours. 
serted at 25° . 
0 Melting point of second crop, 12 1- 22 , i n-
The first and second crop of crystals -vvere combined and 
recryst a lli zed again, dried a t 50° fo r 1.2 hour s , m. p . 122-23° . 
Analysis of the 2 , L~-dini trophenylhydrazone : Carbon , 50 .l.J.9% 
hydroge , 5~53% , oxygen, 26 . 07%, nitrogen, 17 . 96%. Calcul a ted 
for c13H16N4o5: Carbon , 50.6~%, hydrogen , 5. 19% , oxygen, 25.97%, 
nitrogen 1 18 . 18%. 
The 2 ,4-dinitrophenylhydrazone of VI I prepared from I , 
crude , air-dried, mel ted at 11 6-·1 8°, recrys t.alli zed, clri ed a t 
50° for fear hours) m. p . 122-· 23. The mixed mel ting point v1i th 
2,4-din :i. trophenyl hy c1razone of VII from II g1ve no appreciable 
melt ing point depression , m.p. 122-23° . ( Two mg of each 
2 ~- Lt . ·-d1.ni trophenylhyclrazo:ne mixe d and in sert ed_ at 25°). 
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SUf.f:MARY OF GENERAL EXPERI11!ENTAL PR OCEDURE;S 
1. In all of the reductions in this study , t he arnmonia wa s 
distilled from a gas t ank and condensed into the r eaction 
fla s k by a dry ice- a c etone condenser . 
2. The lithium ( Foote Minera l Co. ) employed was cut fro r.1 a 
uniform thickness lithium ribb on tha t Vias protected by petr·o-· 
l aturn. · The p e trola tum was r emoved by washing the lithium 
ribbon in a series of three b a ths of low-boiling petroleum 
ether jus t before use. 
3. The sodium me t a l us ed wa s stripped of the protec tive 
coating that ha d deposit ed on it. 
~. A rota tory evapora tor with a water aspira tor was used for 
evapor a tion of organic solvents a nd f or concentra tion. 
5. All mol ttng p oints 'Nere de termined with a Thornas no over 
capillary mel~ing point appara t us. 
6. Infrared. spectr·a were obta ined utilizing a p erkin-El mer 
Mo del 137 B Infracord Sp ectrophotomet er. 
7. Nuc}eal~ magnet.j_ c r esonance spectra wer e kindly done by 
Dr. G. E. Pollar·d of Sl1 ell Development Co1npany , Biologica l 
Sci ences Res earch Cent er , Modesto~ . California with a Varian 
Assoc j.a t es !;loclel A--60 t nu c l ear magnet i c resonance sp ec t rome-
ter . The pos iti on of the me t hoxy and hydr oxy a nd other pro-
tons varied ap.pr ec i ably fro m tj.me to time in the spectra . 
8 ·~ _@-!:lcthoxybcnza mi de was purcl1asecl fro m Aldrich Chemi cal 
Co. and K and K Lab s . No diff~rcnce in the yi e l d of the r e-
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duction pro duet \'/a s de t ected from u s i ng the t vto d iffer ent 
sources of ,!!!- methoxyb enzarni de . Urea. ( J . •r. Baker Chemica l Co. ) 
and ~-me t. hoxybenzo ic acid ( K a nd K IJab s ) were r eagent g r ade . 
9. Orga nic solve nts u s ed f or extra ction wer e in general not 
di s til led b efore us e. In c a.ses wher e t h e i rnpuri tie s i r.. t he 
solvent s c aused cl ea::- inter fer ences v:1th the i solation of 
p r·oclucts , the s olve nts wer e distilled b efore u s i ng . 
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